Quantitative analysis of seven-pinhole tomographic thallium-201 scintigrams: Improved sensitivity and estimation of the extent of coronary involvement by evaluation of radiotracer uptake and clearance  by Massie, Barry M. et al.
1178 JACC Vol. 3, No.5
May 1984:1178-86
Quantitative Analysis of Seven-Pinhole Tomographic Thallium-20l
Scintigrams: Improved Sensitivity and Estimation of the Extent of
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and Clearance
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EDWARD W. GERTZ, MD, FACC, STEVEN HENDERSON, CNMT
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Recent studies have shown that the sensitivity of con-
ventional thallium-2Ot scintigraphy can be increased by
the quantitative assessment of myocardial radiotracer
clearance rates in conjunction with the evaluation of
radionuclide uptake. In this study, a similar analysis of
tomographic scintigrams was performed to determine
the feasibility and value of this approach, particularly
in estimating the extent of disease and detecting three
vessel coronary involvement.
Seventy patients undergoing cardiac catheterization
for chest pain were studied by exercise and 3 hour de-
layed thallium-2Ot scintigrams using the seven-pinhole
tomographic technique. Each study was evaluated by
visual inspection of the tomographic sections and quan-
titative analysis. The latter approach consisted of com-
paring circumferential profiles of the initial post-exercise
radionuclide uptake and the 3 hour clearance rates gen-
erated from each of three left ventricular slices with
similar profiles representing the lower 95% confidence
limits derived from 15 middle-aged volunteers. An ab-
normality was considered present when a patient's pro-
file fell below these limits for a 30°are, and was ascribed
to disease in a particular artery when it involved that
vessel's usual distribution.
Thallium-201 scintigraphy has become increasingly popular
as a diagnostic test for coronary artery disease, primarily
because of its additive sensitivity in conjunction with ex-
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Among the 61 patients without apparent primary
myocardial or valvular disease, the diagnostic sensitivity
of thallium scintigraphy was increased from 86% (43 of
50) to 96% (48 of 50) without a change in specificity
(both 9 of 11 or 82%). More importantly, the quanti-
tative approach permitted detection of 85% (107 of 126)
of significantly obstructed coronary vessels compared
with 47% (59 of 126) by visual analysis (p < 0.001),
again without sacrificing specificity (85 versus 87%).
Quantitative analysis correctly indicated the number of
diseased vesselsin 69% of these patients, compared with
26% by visual analysis. All involved vessels were iden-
tified in 25 of 32 patients with three vessel disease by
quantitative analysis, but in only one patient by visual
analysis. Both methods of analysis were inaccurate in
patients with aortic valve disease and cardiomyopathy.
It is concluded that quantitative analysis of the dis-
tribution of thaIlium-201 within the left ventricle and its
subsequent clearance increases the sensitivity of tomo-
graphic scintigraphy and, in particular, enhances the
ability of this technique to determine the extent of coro-
nary artery involvementand identify three vessel disease.
ercise electrocardiography and its ability to anatomically
localize disease (I). Nonetheless, its sensitivity remains sub-
optimal. In particular, scintigraphy detects only 40 to 70%
of individual obstructed coronary vessels (2-4). This results
not only in false negative studies in some patients with single
vessel disease, but in a consistent underestimation of the
extent of coronary involvement. Another clinically trouble-
some limitation of thallium-20l scintigraphy is the occa-
sional apparently normal study in patients with severe gen-
eralized disease, which presumably results from a
homogeneous decrease in myocardial perfusion.
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Recent attempts to improve the results of exercise thal-
lium-20l scintigraphy have involved two approaches: tom-
ographic reconstruction (5-7) and quantitative analysis of
myocardial thallium-201 clearance rates (8-11). In the pres-
ent study, we employed both of these techniques in con-
junction with exercise scintigraphy to test their diagnostic
accuracy for the presence and absence of coronary artery
disease and individual vessel involvement.
Methods
Study patients. The study group consisted of 60 con-
secutive patients who underwent both exercise thallium-201
scintigraphy and coronary angiography within an interval
of 2 months or less for the evaluation of chest pain. Because
this cohort included a preponderance of patients with three
vessel coronary disease, an additional 10 subjects with chest
pain but without significant obstructive coronary disease or
with one vessel involvement were also included. The studies
from both groups of patients were read together.
Twenty-four of this combined group of 70 patients had
previous myocardial infarction by history or electrocardio-
graphic criteria. All subjects were men, with a mean age
of 54 years (range 34 to 71). Three of II patients with
normal coronary arteriograms, as well as 4 of 6, 10 of 12
and 27 of 32 patients with one, two and three vessel disease,
respectively, were taking beta-receptor blocking agents. In
addition, 39 patients were taking nitrates. These medications
were withheld only on the morning of the exercise tests.
Normal subjects. To develop normal limits for the post-
exercise distribution of thallium-20 I and its subsequent
clearance, a group of 15 middle-aged volunteers with a low
likelihood of hemodynamically significant coronary disease
was also studied (12). Their mean age was 44 years (range
38 to 56). Each had an entirely negative history for cardio-
vascular diseases and a normal physical examination, serum
lipid profile and electrocardiogram. In addition, these sub-
jects had a normal exercise electrocardiographic test during
which they achieved at least 95% of both their age-predicted
heart rate and aerobic capacity, and a normal exercise radio-
nuclide angiogram, as defined by normal wall motion at rest
and during exercise and an increase in ejection fraction of
at least 0.05 unit.
Exercise scintigraphy. Electrocardiographic crite-
ria. Exercise testing was performed according to the Bruce
protocol (13) to a symptom-limited maximum, with contin-
uous monitoring of electrocardiographic leads V5 and aVF.
A continuous record of the signal-averaged values of J point
deflection and ST segment slope was obtained using a com-
mercially available computer-assessed system (CASE, Mar-
quette Electronics). The treadmill exercise test was inter-
preted as positive for ischemia if the J point became depressed
by at least 0.1 mV below the baseline level and the ST
segment slope was horizontal or downsloping at any time
during exercise or during the 5 minute monitored recovery
period. The exercise electrocardiogram was considered non-
diagnostic in subjects with left or right bundle branch block
or greater than 0.1 mV of J point depression at rest.
Imaging technique. Thallium-201, 2 mCi, was injected
through an intravenous cannula at near maximal exercise,
which was then continued for I additional minute. Post-
exercise imaging commenced within 5 to 10 minutes of the
recovery period. Scintigraphy was performed by our pre-
viously described procedure (14), employing the seven-pin-
hole technique developed by Vogel et a!' (5-7). To mini-
mize artifacts produced by suboptimal or inconsistent
collimator positioning, all studies were performed by one
experienced technologist. Acquisition was continued for a
total of 750,000 counts. The patient's chest wall was marked
and the orientation of the camera noted to ensure repro-
ducibility of positioning for the delayed scintigrarns. Pa-
tients were instructed to limit their food consumption to a
light snack and minimize their activity between studies. A
second scintigram was performed 3 hours later.
Scintigraphic analysis. Tomographic reconstruction
was performed employing the algorithms developed by Vo-
gel et a!' (5-7). Twelve tomographic sections were con-
structed at nominal intervals of 1.25 em, beginning 8 cm
from the collimator face. Three slices representing apical,
mid-ventricular and basal left ventricular sections were se-
lected for quantitative analyis. After an average value for
background was automatically subtracted and the center of
the left ventricle was indicated manually, circumferential
profiles displaying maximal pixel activity were generated
for 60 six degree arcs. These profiles were then normalized
for the pixel with the highest activity and displayed as a
percent of this maximal activity. Figures I and 2 display
the images and initial distribution profiles from a mid-ven-
tricular slice of one of the study patients.
Clearance rate analysis. The 3 hour clearance rates were
calculated by previously published methods (14), which
were modified from those of Garcia et al. (8). Correction
was first performed for the differences in the duration of
acquisition between the initial and delayed scintigrams be-
cause both were terminated after 750,000 counts. Then pro-
files for maximal pixel activity were generated for the same
three slices of the scintigrams. The 3 hour clearance rate
was calculated radian by radian as the difference between
the initial activity and the 3 hour activity divided by the
initial activity and expressed as a percent. A profile of the
3 hour clearance rate for the same patient and slices illus-
trated in Figure I is shown in Figure 3.
Visual analysis. This was performed by examining Po-
laroid pictures of the 12 reconstructed ventricular slices from
the post-exercise and delayed scintigrams. Two blinded ob-
servers independently read each study. When differences of
interpretation were present, agreement was reached by con-
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sensus. A study was interpreted as positive for coronary
artery disease if a relative perfusion defect was present on
the post-exercise scintigram, whether or not it persisted on
the delayed study.
Localization ofdisease. An attempt was made to predict
individual vessel involvement from the scintigrams, al-
though this approach serves only as an approximation be-
cause of individual variations in coronary anatomy. On the
mid-ventricular and basal slices, septal (120 to 210°) and
anterior-lateral defects (210 to 300°) were considered in-
dicative of left anterior descending artery disease, posterior
defects (300 to 30°) indicative of left circumflex artery dis-
ease and inferior defects (60 to 120°) indicative of right
coronary disease. Defects on the apical slice were inter-
preted as indicative of coronary disease but were not con-
Figure 2. The post-exercise distribution profile of the slice illus-
trated in Figure 1 is shown in relation to the lower limits derived
from normal (NL) volunteers. Uptake is diminished in the septum
(Sept). anterior (Ant) and inferior (lnf) walls, but not in the pos-
terior (Post) wall, confirming the visual interpretation of left an-
terior descending and right coronary artery involvement. JA
patient's initials; 3VD = three vessel disease.
Figure1. Mid-ventricular slices from theimmediate post-exercise
(left) and 3 hour delayed (right) scintigrams in a man with three
vessel disease areshown. Initially, uptake is relatively diminished
in the interventricular septum andinferior wall, but in thedelayed
study radiotracer activity is more homogeneously distributed. The
visual interpretation was two vessel disease.
sidered for anatomic localization. Quantitative analysis of
the distribution and clearance profiles was performed by a
single observer who did not know the results of the visual
analysis or have access to the scintigrams at the time of
reading. The same localization criteria were employed in
evaluating the distribution and clearance profiles.
Coronary arteriography. The coronary arteriograms
were interpreted subjectively by an experienced arteriog-
rapher who was unaware of the scintigraphic findings. A
stenosis was considered significant if it was thought to ex-
ceed 70% of the luminal cross-sectional area. The right, left
anterior descending and left circumflex coronary arteries
wereconsidered diseased if theyor one of theirmajorbranches
had a significant obstruction. The latter two vessels were
both considered to be involved when the left main coronary
artery had a greater than 50% stenosis.
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Figure3. The 3 hour clearance rateprofile derived from thesame
patient sections illustrated in Figure I. Clearance is reduced
throughout, indicating correctly thatthree vessel disease was pres-
ent. Abbreviations as in Figure 2.
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Statistical methods. The significance of differences be-
tween the various methods of scintigraphic analysis was
determined by McNemar's test (15).
Results
Normal Subjects
Visual scintigraphic analysis. The scintigrams of the
15 volunteers whose previous extensive evaluation indicated
a very low likelihood of significant coronary disease were
evaluated visually and quantitatively, Visually, the post-
exercise images were considered normal by both observers
in 13, normal by the first observer but equivocal by the
second in I and equivocal by both in I. The equivocal
regions were the interventricular septum and the adjacent
anterior wall (the area of the aortic outflow tract) in each
case.
Quantitative scintigraphic analysis. For quantitative
analysis, each subject's post-exercise distribution and 3 hour
clearance profiles were evaluated in relation to the lower
95% confidence limits of the remaining 14 subjects. With
the use of this procedure, five subjects had at least I point
(of 60 points on each of three slices for each of the two
types of profiles-a total of 360 points) that fell below their
respective normal curves. However, none of profiles from
the volunteer subjects contained more than five consecutive
points below these limits.
Establishment of normal limits. As a result, the lower
limit profiles of the post-exercise distribution and 3 hour
clearance rates were generated from all 15 volunteers, em-
ploying their lower 95% confidence limits for each slice.
These normal limits for a mid-ventricular slice are illustrated
in Figures 2 and 3. Because of the occasional points that
fall below these limits in the volunteers, an additional re-
quirement for classifying a patient or vessel as abnormal
was that five consecutive points fell below the normal limits.
A final requirement for an abnormality of thallium-2Ot
clearance was that the patient had exercised adequately,
either to an ischemic electrocardiographic end point or to
85% of age-predicted maximal heart rate or aerobic capacity
(13). Because we previously demonstrated that radiotracer
clearance is reduced after submaximal exercise even in nor-
mal subjects (14), clearance rates are not evaluated in six
of the patients with chest pain who did not achieve one of
these end points. The criteria for an abnormality by quan-
titative analysis are listed in Table I.
Patients With Chest Pain
Catheterization findings. Of the 70 patients who had
chest pain, 9 had clinically apparent noncoronary heart dis-
ease that had been diagnosed before catheterization or scin-
Table 1. Criteria for Diagnosing Coronary Disease by
Quantitative Analysis
IA. Post-exercise thallium-20l distribution below normal limits profile
for 30° arc (five consecutive points)
or
lB. 3 hour clearance profile below normal limits for 30° arc (five con-
secutive points) and exercise adequate, as judged by:
a. Positive ECG for ischemia or
b. Achieving 85% MPHR or
c. Achieving 85% of age-predicted aerobic capacity
and
2. Absence of clinically apparent valvular or myopathic heart disease
ECG = electrocardiogram; MPHR = maximal predicted heart rate.
tigraphy. Four of these had aortic valve disease (stenosis in
one, regurgitation in one, and combined stenosis and re-
gurgitation in two), four had congestive cardiomyopathy
and one had hypertrophic cardiomyopathy. Only one of
these patients had accompanying significant coronary dis-
ease. The remaining group of 61 patients included II with-
out significant obstructive coronary disease and 6, 12 and
32 with one, two or three vessel disease, respectively. One
of the patients without significant stenosis had a prominent
muscle bridge, constricting the left anterior descending
coronary artery in its mid-portion.
Scintigraphic results. Patients with valvular disease or
primary cardiomyopathy. Nine patients were identified as
having significant valvular heart disease or primary cardio-
myopathy, defined by an abnormal ejection fraction without
segmental wall motion abnormalities. In these subjects,
scintigraphy was performed to diagnose accompanying
coronary disease. Despite the absence of coronary obstruc-
tions in these patients, scintigraphic abnormalities were present
on visual inspection in four and by quantitative analysis in
seven, of whom 3 had abnormal post-exercise thallium-20t
distribution and all 7 had reduced 3 hour clearance rates.
Patients with significant coronary artery disease. Table
2 presents the findings for the various methods of scinti-
graphic analysis in the remaining 61 patients with chest pain.
By qualitative visual inspection of the scintigrams, 43 of
50 patients (86%) with significant coronary disease were
diagnosed. The sensitivity was 69% for one vessel disease,
100% for two vessel disease and 84% for three vessel dis-
ease. Quantitative analysis of the post-exercise thallium-
201 distribution identified an additional three patients, yield-
ing a sensitivity of 92%. Clearance rates were abnormal in
80% of patients (33% of those with one vessel disease, 83%
of those with two vessel disease and 87% of those with
three vessel disease). When both distribution and clearance
abnormalities were considered, 48 (96%) of 50 patients were
correctly diagnosed as having coronary artery disease. This
increase in sensitivity did not achieve statistical significance,
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Table 2. Sensitivity and Specificity of Qualitative and
Quantitative Analysis of Exercise Thallium-201 Scintigraphy
All Patients Patients Without MI
(n = 61) (n = 37)
Sensitivity Specificity Sensitivity Specificity
(%) (%) (%) (%)
By patient
Visual analysis 86 82 81 82
Quanti tative analysis
Distribution 92 91 85 91
Clearance 80 82 82 82
Combined 96 82 92 82
By vessel
Visual analysis 47 87 43 89
Quantitative analysis
Distribution 57* 81 46 91
Clearance 81 t 85 76t 91
Combined 85t 85 80t 89
*p< 0.05 versusvisualanalysis; t p< 0.001versus both visual analysis
and distribution quantitation alone . MI = myocardial infarction.
however, because of the high sensitivity of the qualitative
technique in this patientgroup. The sensitivity in the patients
without previous myocardial infarction was slightly lower
by each method of evaluation.
Patients without significant obstructive disease. The
combined quantitative approach yielded abnormal findings
in 2 of II patients without significant obstructive disease
and thus had an 82% specifici ty for coronary disease. The
same two patients were thought to have positive studies by
visual analysis. Of note is that one of these patients had a
muscle bridge on the vessel supplying the affected area, as
well as a positive exercise electrocardiogram.
Scintigraphic localization of disease. Despite the lack
of a significant difference between the qualitative and quan-
titative approaches in the overall sensitivity and specificity
of the technique, quantitation significantly improved the
scintigraphic localization of coronary disease. The number
of involved vessels detected by the various methods of anal-
ysis is also shown in Table 2. Visual interpretation yielded
a sensitivity of 47% (59 of 126) for detecting significantly
obstructed vessels, including 67% in one vessel disease,
75% in two vessel disease and 39% in three vessel disease.
This number was increased signifi cantly to 57% (72 of 126,
P < 0.05) by quantitative assessment of thallium-201 dis-
tribution, with a small increase occurring in each anatomic
category. However, the additional use of clearance quan-
titation had a more pronounced effect on the sensitivity of
scintigraphy for involved vessels, increasing it to 85% (107
of 126, P < 0.001 compared with both visual analysis and
distribution quantitation). Clearance rates were abnormal in
the distribution of the involved vessel in 33% of patients
with one vessel disease, 75% in those with two vessel dis-
ease and 85% in those with three vessel disease. The spec-
ificities of the three approaches (87% [48 of 55] by visual
analysis, 91% [50 of 55] for quantitative distribution anal-
ysis and 85% [47 of 55] for combined quantitative analysis
of distribution and clearance) were comparable. Again, the
vessel by vessel sensitivity values were lower in patients
without previous infarction, although they did not differ
significantly from the findings of the patients with infarction
or from those of the group as a whole.
Quantification ofextent ofdisease. The enhanced ability
to detect individual obstructed arteries with the combined
quantitative method markedly improved the assessment of
the extent of coronarydisease. Thus, this techniquecorrectly
classified the number of diseased vessels in 42 of 61 (69%)
of patients with chest pain, overestimating the number in 7
(11 %), while underestimating it in 12 (20%). In contrast,
visual interpretation correctly classified only 16 of 61 pa-
tients (26%), while underestimating the extent of involve-
ment in 39 (64%); the results of quantitative distribution
analysis were similar, correctly determining the number of
diseased vessels in 22 of 61 (36%) and underestimating it
in 35 of 61 (57%).
Detection of three vessel disease. The advantage of the
combined quantitative approach was most striking in de-
tecting three vessel disease. Figures I to 3 illustratea patient
with apparent two vessel involvement by both visual in-
spection and distribution quantitation, but the generalized
reduction in 3 hour clearance correctly indicated three vessel
disease. An even more striking example is shown in Figures
4 to 6. This patient with 70 to 80% stenoses of all three
major coronary arteries had normal appearing scintigrams
and normal distribution profiles, but reduced clearance in
the regions supplied by all three vessels. Figure 7 shows
the markedlyhigher sensitivity(23 of 32 or 72%) with which
three vessel disease was detected by combined distribution
and clearance compared with visual inspection, which was
unable to identify three vessel involvement. Of note is that
only 3 of 29 patients without three vessel disease were
wrongly classified as having it, all of whom had two vessel
involvement.
Exercise electrocardiographic findings. A frequent in-
dication for performing exercise thallium-201 scintigraphy
in our laboratory is the presence of baseline electrocardio-
graphic abnormalities that may interfere with the interpre-
tation of the stress test. As a result, 17 of the 70 patients
with chest pain had bundle branch block and 3 others had
prominent ST depression at rest. Six of the nine patients
with valvular or myopathic heart disease had interpretable
exercise electrocardiograms, three of which were positive.
Of the seven patients without significant coronary disease
with interpretable stress tests, two had a positive test, one
of whom was the man with the muscle bridge. The treadmill
tests were positive in 28 of 37 (76%) of the patients with
significant coronary disease.
JACC Vol. 3, No.5
May 1984:1178-86
MASSIE ET AL.
QUANTITATIVE THALLIUM-201 SCINTIGRAPHY
1183
Figure 4. Eight consecutive slices, extending from the apex to
the base of the left ventricle, reconstructed from the immediate
post-exercise scintigrams in a patient with three vessel disease.
No apparent defect is present.
Discussion
Limits of conventional scintigraphy. Exercise myo-
cardial perfusion scintigraphy was developed primarily to
overcome the limitations of exercise electrocardiography,
which in many cases does not provide optimal diagnostic
sensitivity and specificity for coronary artery disease (16).
A number of studies (17-21) have since demonstrated that
thallium-201 scintigraphy affords improved accuracy. In
Figure 5. Distribution profile for a mid-ventricular slice from the
study shown in Figure 4. No abnormality is present. JW = pa-
tient's initials; other abbreviations as before.
particular, scintigraphy appears to influence management in
patients with nondiagnostic stress tests or contradictory clin-
ical findings (19,22-24). Nonetheless, when the electro-
cardiographic and scintigraphic findings derived from ex-
ercise testing are discordant, the sensitivity of thallium-20 1
imaging, even though it usually exceeds 80%, is often in-
adequate to provide a definite diagnosis (22,24).
Scintigraphy is also often employed to determine the
anatomic location and extent of coronary artery involve-
ment. For these applications, conventional techniques have
clearly proven inadequate. Three studies (2-4) that exam-
ined the region by region or vessel by vessel accuracy of
thallium-20l scintigraphy reported similar findings. They
diagnosed 89 to 95% of patients with coronary disease and
maintained a specificity of 91 to 93%, but were able to
detect only 50 to 67% of significantly obstructed vessels.
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Figure 6. The 3 hour clearance profile from a mid-ventricular
slice in the same patient as in Figures 4 and 5. Despite the ap-
parently normal thallium-201 uptake, clearance is reduced in the
distribution of all three vessels. Three patients with three vessel
disease had scintigrams that were read as normal visually, but
exhibited reduced clearance rates. Abbreviations as before.
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Figure 7. Advantage of combined quantitative analysis of distri-
bution and clearance indetecting three vessel disease. Three vessel
involvement could not bedetected visually inany ofthe32patients
with this arteriographic finding because of the relative nature of
this technique. Using quantitative distribution profiles, only one
such patient was detected. In contrast , the combined approach
identified 23of 32 (72%) but still afforded 90% specificity , falsely
indicating three vessel disease in only 3 of 29 patients with no,
oneor two vessel involvement. Hence, the predictive accuracy of
a scintigraphic diagnosis of three vessel disease was 88% in our
patient group. Clear = thallium clearance rate; Dist = thallium
distribution; n = number of patients; VD = vessel disease.
This led to an underestimation of the extent of disease in
50 to 62% of patients with coronary artery disease.
From the clinician's point of view, this is particularly
disturbing because it limits the ability of conventional scin-
tigraphy to identify high risk patterns of disease, such as
three vessel or left main coronary artery involvement. In
four published series (2,3,25,26) in which the diagnosis of
three vessel disease was attempted, it was successfully ac-
complished in only 30% of a total of 109 patients. The
incidence of left main coronary obstruction was similarly
underestimated (25,27).
There appear to be two major explanationsfor the failure
to detect significantly involved vessels. The most important
is probably inherent in the relative nature of the technique.
Radionuclide activity in one region is compared with that
in others, so one segment must appear " normal"; hence,
only the more severely involved areas are detected. Re-
cently, two groups (8-1 I) overcame this limitation, at least
in part, by measuring the thallium-201 clearance rate over
time as well as its distribution. Both found that applying
criteria to detect reduced clearance rates increased the sen-
sitivity of thallium-20l scintigraphy and that it was most
helpful in patients with multivessel disease.
Use of tomographic imaging. Conventional thallium-
201 scintigraphy also is limited by the low energy and con-
sequent soft tissue attenuation of the radiotracer and by its
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True Positive inability to visualize defects of one region without being
affectedby activityfromcontiguousunderlyingor overlying
segments. Tomographic imaging has been utilized to over-
come this limitation (28). First, limited angle techniques
basedon multiplepinhole(5-7 ,28-31) or rotatingslant hole
collimators were evaluated (32). Although some reports
(6,30,31) suggested that seven-pinhole tomography im-
proved the sensitivity of thallium-201 scintigraphy, other
studies (29,33,34) indicated that its advantage is marginal ,
and this acquisition technique is no longer in widespread
use. With the availabilityof rotating gamma cameras, more
accurate tomographic reconstructions have become possible
(35-38), but to date, experience with these techniques is
too limited to predict whether they will represent an im-
provement over conventional techniques.
Present findings. Value ofquantification analysis. Our
study employed both clearance rate measurements and to-
mographic acquisition in an attempt to maximize the sen-
sitivity of thalliumscintigraphy. The major finding was that
the sensitivity of exercise thallium-201 tomographic scin-
tigraphy for detection of diseased coronary vessels is im-
proved by quantitative analysis. The increment in patients
diagnosed (5 additional of 50) and the increase in the total
sensitivity from 86 to 96% were not significant, however.
Of note is that 35 of 48 of the additional involved vessels
that were detected by the quantitative technique were iden-
tified by clearance analysis only. The improved detection
of involved coronary arteries increased the percent of pa-
tientswhoseextentof disease was correctlydeterminedfrom
26% by visual interpretation to 69%, and allowed three
vessel disease to be identified in 72% of those with this
pattern of anatomic involvement compared with none by
visual assessment.
Factors affecting sensitivity of quantitative approach.
To someextent, the very highsensitivityfor diseasedvessels
obtained in this study may reflect the severe nature of the
coronary disease in our patients because the majority of
patientshad threevessel involvement, oftenwithobstruction
greater than 90%. Another factor that might increase the
sensitivity in this group of patients is the inclusion of sub-
jects with prior myocardial infarction. For this reason, the
results in the patientswithout infarctionwereevaluatedsep-
arately (Table 2). Even in this subset, the vessel by vessel
sensitivity of the combined quantitative approach was ex-
cellent (80%) and significantly higher than that of visual
analysis.
A third factor that could have served to increase the
number of positive tests was the high percent of patients
taking beta-receptor blocking agents. Because clearance rates
are dependent on the level of exercise and, possibly, on the
degree of myocardial stress, they might be reducedby beta-
receptor blockers which lower the exercise rate-pressure
product. From the present data, it is difficult to determine
the influence of beta-receptorblockingagents, but it is note-
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worthy that three patients without coronary disease who
were taking propranolol had normal clearance rates. After
exclusion of the subjects with inadequate exercise tests ,
there was no significant correlation between exercise du-
ration , maximal heart rate or rate-pressure product with
clearance rates. Finally, if a subset of patients with three
vessel disease who exercised for the same duration or to the
same heart rate as those with one vessel involvement is
examined , clearance rates were consistently lower in the
former group, suggesting that as long as exercise is adequate
it is severity of disease that most profoundly influences
washout.
Patients with low level exercise tests . Of equal impor-
tance is that use of the quantitative approach, including
measurements of clearance, did not appreciably reduce the
specificity of the technique. However, it should be noted
that our study patients did not include women, in whom
false positive studies are more common, and that two other
groups of patients were excluded . Because of our previous
report (14) that the myocardial clearance of thallium-201 is
significantly reduced when only low level exercise is per-
formed, one group was the six patients who did not exercise
to any of the predetermined end points . If the usual normal
limits derived from volunteers are applied to these individ-
uals, false positive interpretations will result , as was the
case in three of these six patient s. In such patients, the
quantitative analysis should be restricted to the post-exercise
thallium-20 I distribution, as was done in this study . Al-
though this group only represented 10% of our study pa-
tients, it might constitute a greater proportion of patient s in
rilther centers, especially those centers that perform scinti-
grams in large numbers of patients with negative exercise
electrocardiograms.
Patients with known noncoronary heart disease. The
second group that should be excluded is that of patients with
known noncoronary heart disease. Although this is a group
of patients in whom a noninvasive test for coronary disease
would have much to offer, previous studies have already
indicated that false positive results are frequently present in
both cardiomyopathy (39) and aortic valve disease (40). Our
experience with these patients was quite limited becau se
only nine were studied. Nonetheless , the abnormalities of
both thallium-201 distribution and clearance observed in this
group leaves little hope that a quantitative approach will be
of any added value . It is intriguing to speculate that some
of these abnormalities might represent subendocardial isch-
emia secondary to left ventricular hypertrophy or abnormal
wall stress , even without detectable coronary artery involve-
ment (41). Another possibility is that these findings may be
artifactual, caused by cavity dilation or wall thinning (42) .
In any case, it is clear that when certain heart diseases are
present by clinical evaluation , thallium-201 scintigraphy
should not be employed to diagnose associated coronary
disease . Further studies with other forms of heart disease
(for example, mitral prolapse) will be needed to determine
whether our method of quantitative analysis is applicable in
them .
Individual variability in coronary anatomy and flow dis-
tribution . One further limitation of this study is the marked
individual variability in coronary anatomy and distribution
of coronary blood flow, which makes correlations between
scintigraphic defect s and coronary anatomy hazardous .
Nonetheless , such approximations are frequently attempted
in clinical practice.
Value of quantitative tomographic approach. These
findings clearly indicate that a quantitative approach to the
analysis of tomographically reconstructed thallium-2ot
scintigrams is advantageous. Several studies (5,30,31) have
indicated that seven-pinhole tomography may yield a slightly
higher diagnostic sensitivity than planar scintigraphy, al-
though other workers (29,33,34) found essentially equal
diagnostic sensitivity and specificity with the two ap-
proaches when they are analyzed by similar techniques . It
has been noted previously (28 ,31 ,34) that quantitative up-
take analy sis of seven -pinhole tomograms is extremely val-
uable in preventing false positive interpretations related to
the artifactual forward and backward propagation of appar-
ent defects caused by region s with normally lower activity,
such as the apex. membraneous septum and outflow tract.
The present study also indicates that quantitation of thal-
lium-20l clearance over time with tomographic image s is
as valuable as has been shown with planar scintigrams (8-11).
Th is study was not designed to compare the results of quan-
titative analysis applied to planar and tomographic images
because conventional scintigraphy was not performed. Given
the excellent results previously reported with the planar
images (10,11), it is unlikely that any significant differences
would be seen with such a comparison . One potential ad-
vantage of the tomographic technique is that the images are
well suited for quantitative analy sis . Only two observer
interventions are required: the choice of the slices to be
analyzed and the manual indication of the center of the slice .
Also. background correction is theoretically less of a prob-
lem with tomography. In this study. an average value for
background determined from the area lateral to the left ven-
tricle was subtracted automatically from each section.
Future directions. Several recent studies (33-36) have
suggested that thallium-20 I tomography using a rotating
gamma camera is more accurate than both planar and seven-
pinhole imaging (36-38). Therefore. it will be of interest
to see the utility of quantitative distribution and clearance
analysis applied to scintigrams reconstructed by this method.
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